13 



(12) INTERNATIONAL APPLI 



PUBLISHED UNDER THE PATENT COOPE 



TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
10 May 2002 (10.05.2002) 




PCT 



lllllilllll 



(10) International Publication Number 

wo 02/37111 A2 



(51) International Patent Classification^: GOIN 33/566 

(21) International Application Number: PCT/NLO 1/00794 

(22) International Filing Date: 30 October 2001 (30.10.2001) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

00203776.0 30 October 2000 (30. 1 0.2000) EP 

(71) Applicant (for all designated States except US): VRIJE 
UNIVERSITEIT VAN AMSTERDAM [NL/NL]; De 
Boelelaan 1 105, NL-1081 ITV Amsterdam (NL). 

(72) Inventor; and 

. (75) Inventor/Applicant (for US only): IRTH, Hubertus 

: [NL/NL]; Rooseveltlaan 1 12-0, NL-1078 NP Amsterdam 
I (NL). 

1 (74) Agent: PRINS, A., W.; c/o Vereenigde, Nieuwe Parklaan 
I 97. 2587 BN The Hague (NL). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ. EC, EE, ES. H, GB. GD, GE, GH, 
GM, HR, HU, ID, XL, IN. IS, JP, KE, KG, KP, KR, KZ. LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU. SD, SE, SO, 
SI, SK, SL, TJ, TM. TR, TT, TZ, UA, UG, US, UZ, VN, 
YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPl patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML. MR, NE, SN, TD, 
TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

^ (54) Title: CONTINUOUS-FLOW HOMOGENEOUS BIOCHEMICAL ASSAYS BASED ON MASS SPECTROMETRIC DE- 
^ TECnON OF KNOWN LIGANDS 

(57) Abstract: The present invention relates to the measurement of interactions, and especially biospecific interactions in an assay 
using mass spectrometry. More in particular, the present invention makes it possible to measure specific interactions in a homoge- 
neous biochemical assay. The on-line detection method of the present invention comprises an effluent of a fractionation step with 
a controlled amount of affinity molecules, which affinity molecules bind with analytes suspected to be present in the effluent. This 
step is followed by the addition of a controlled amount of known ligands, which ligands bind to the affinity molecules, by which 
ligand/affinity molecule-complexes are formed. In accordance with the invention, the free ligands are detected in the presence of the 
ligand/affinity molecule-complexes, using a mass spectrometer. 
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Continuous-flow homogeneous biochemical assays based on mass 
spectrometric detection of known ligands 

The present invention relates to the measurement of interactions, 
and/especially biospecific interactions in an assay using mass spectrometry. 
More in particular, the present invention makes it possible to measure specific 
interactions in a homogeneous biochemical assay. In a particular embodiment 
5 this detection technique is used as monitoring method for biochemical assays 
using a known ligand. Furthermore, this invention relates to the use of newly 
detected compounds as ligand for affinity molecules. 

Biochemical assays are highly sensitive detection techniques for the 
measurement of biospecific interactions. The affinity of ligands to be tested for 

10 an affinity molecule, e.g. an affinity protein such as an antibody, receptor or 
enzyme is typically tested using a labeled ligand - Le. a compound with known 
affinity for the affinity molecule such as a protein containing a detectable 
moiety such as a radiolabel, fluorophor or an enzyme - as reporter molecule. 
Biochemical assays are carried out in batch - for example in a 

15 microtiterplate - or in continuous-flow. Typically, the affinity molecule is 

incubated with the sample and a suitable label, and after a certain incubation 
time, the amount of free or bound label is determined. If the detection 
properties of free and bound label are identical, both fractions have to be 
separated before detection. Several homogenous assay formats are known 

20 which exploit detection differences between fi:ee an bound label, e.g. a different 
fluorescence quantum yield. In such a case, one fraction can be detected in 
presence of the other avoiding time-consuming and laborious separation steps. 

A disadvantage of biochemical assays based on the use of particular 
labels, is the necessity to find a suitable label for the affinity molecule, such as 

25 a protein, to be screened. The synthesis of labels that have sensitive detection 
properties on the one hand and retain their preferably high binding affinity on 
the other hand is a difficult task, particularly for receptors where the 
attachment of a fluorophor or an enzyme to a known ligand often significantly 
decreases the binding affinity of the label synthesized. 

30 The synthesis of new labels can be avoided if detectors are used that 

do not require specific chemical or biochemical reporting molecules such as 
fluorophors or enzymes. A mass spectrometer (MS) is an example of a detector 
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that can measure a compound at the required sensitivity in its native state, 
viz. the compound can be detected without reqmring chemical modification. 
The use of mass spectrometry as a detection technique in biochemical assays 
therefore overcomes the need to synthesize new labels before the assay can be 
5 developed and used. 

Seiffert et ah (J. Anal. Chem., 363 (1999) l&l-llO) propose an MS 
based screening method wherein active ligands are isolated from the sample 
using an immobilized receptor column. Subsequently, the bound fraction is 
desorbed and measured by Uquid chromatography mass spectrometry. This 

10 method represents the direct detection of the active molecule using mass 

spectrometry. This is particularly disadvantageous for applications wherein 
novel, unknown ligands have to be detected, since the MS has to be operated in 
the rather unsensitivite total ion current (TIC) mode. Moreover, the 
immobilization of receptors may lead to a partial or complete deactivation of 

15 the protein due to sterical hindrance. Also, the desorption conditions for the 
release of the bound active ligands are often leading to an irreversible 
denaturation of the receptor requiring a frequent exchange of the immobilised 
receptor column. 

Nedved et al (Analytical Chemistry, 68 (1996) 4226-4236) describe a 
20 similar technique wherein combinatorial Ubraries of small molecules are 

screened using an immobihzed immunoaffinity column coupled to reversed- 
phase liquid chromatography and ion spray mass spectrometry. Again, active " 
compounds are detected directly in the fuU scan mode. The use of an 
immobilized antibody column is identical to the above-described method of 
25 Seiffert et al. with all disadvantages of this assay format. 

Hsieh et aL (Molecular Diversity, 2 (1996), 189-196) describe a 
multidimensional chromatographic screening method using mass spectrometry 
for detection. After incubation of the affinity protein with the compound(s) to 
be screened, the bound fraction is separated from the unbound fraction using 
30 size-exclusion chromatography. Subsequently, the protein-bound fraction is 
directed towards a reversed-phase liquid chromatography column coupled to 
mass spectrometry and the small molecules bound to the affinity protein are 
determined. In contrast to Seiffert et aL and Nedved et aL, Hsieh et aL describe 
a biochemical assay wherein the interaction of ligands and receptors takes 
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place in solution, that is the receptor is not immobilized. However, after the 
primary incubation step, two chromatographic methods have to be appUed 
before the active compound can be detected directly. Moreover, since the 
structure of the active compound is not known, the mass spectrometer has to 
5 be run in the nonselective TIC mode. 

The not prepublished EP-A-1 048 951 (Irth and Van der Greef) 
describes the use of mass spectr6metry as a detection technique for measming 
biospecific interactions. Rather than using a label, a known hgand with good 
MS detection properties is used as a reporter molecule to detect the presence of 

10 active compounds in a sample. The method described comprises a sequential 
biochemical reaction, wherein the sample is incubated with an affinity protein, 
and subsequently a known hgand is added to titrate the remaining free 
binding sites. In a final step the fi:ee fraction of the known hgand is separated 
fi-om the protein-bound fraction using a hoUow-fibre separation module or a 

15 restricted access column. Only the free fraction is directed towards the mass 
spectrometer whereas the protein fraction is discarded. The method of 
EP-A-1 048 951, hence, is a heterogeneous assay format requiring the 
separation of the detectable molecule from the protein bound fraction. 

The present invention seeks to provide a method that is easier to 

20 carry out than heterogeneous assays, which require the separation of free and 
protein-bound reporter molecules. More particularly, the present invention is 
aimed at a homogeneous biochemical assay using mass spectrometry as 
readout method. The assay does not require the separation of free and boxmd 
label as described by Irth and Van der Greef. The differences in the method of 

25 Irth and Van der Greef and the method of the present invention are shown in 
Scheme 1. 

In accordance with the present invention, it was found that an on- 
hne detection method wherein an effluent of a fractionation step is contacted 
with a controlled amount of affinity molecules; followed by a step wherein the 
30 affinity molecules are allowed to bind with analytes suspected to be present in 
the effluent; followed by addition of a controlled amount of known ligands; 
followed by a step wherein hgands are allowed to bind to the affinity molecules 
by which Hgand/affinity molecule-complexes are formed; and followed by 
detection of free hgands in the presence of the Hgand/affinity molecule- 
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complexes using a mass spectrometer can overcome the aforementioned 
problems. 

Surprisingly, the MS can be used to detect free ligands in the 
presence of the ligand/affinity protein-complexes, thus obviating the need for 
5 cumbersome separation steps. The present invention additionally overcomes a 
problem associated with separation steps, which problem hes in the non- 
specific binding of proteins to surfaces of separation devices such hollow-fiber 
modules or restricted access phases, which are required in prior art methods, 
such as the method of Irth and Van der Greef. Moreover, no regeneration of 
10 separation devices is required, which allows a continuous operation of assay 

systems. Furthermore, the time of assay development for new screening assays 
is significantly reduced since there is no need to study and optimize separation 
conditions. 

The current invention is based on the on-line coupUng of an 

15 firactionation step such as liquid chromatography to a biochemical reaction 
module. To the effluent of the fractionation step, a controlled amount of an 
affinity molecule, e.g. a protein such as a receptor, antibody or enzyme is 
added. After a short reaction time (maximum about 3 minutes) a controlled 
amount of a known ligand is added to the reaction mixture and allowed to 

20 interact for a short time, viz. 2-3 minutes. The entire reaction mixture is 
introduced into a mass spectrometer without prior separation of free and 
bound known hgand. The change of amount of known ligand as detected by the 
MS indicates the presence of an affinity-molecule binding compound in the 
effluent. In contrast to the heterogeneous assays described by Irth and Van der 

25 Greef, the amount of free known Ugands is detected in the presence of the 

bound ligand-affinity protein complex. It is very surprising that free ligand is 
detected by MS independent from the amount of ligand bound in complexes 
with affinity molecules. 

The method of the present invention makes it possible to detect the 

30 presence of an active compound in a mixture by monitoring the changes of the 
concentration of a known ligand at its specific mass to charge ratio. Moreover, 
the molecular mass of the active compound can be measured simultaneously 
by monitoring the total ion current chromatogram at the time where the peak 
maximum for the known ligand occurs (see scheme 2). 
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A comparison of the MS data obtained when analjrtes are injected 
with the signal obtained when only the controlled amounts of affinity molecule 
and detectable ligand are introduced in the continuous-flow system, provides 
information in respect of the percentage of the binding sites occupied by 
5 analyses present in the efQuent of the fractionation step. The person skilled in 
the art possesses the knowledge to process and evaluate the data obtained 
from the detection method. The percentage binding sites occupied by an 
analyte present in the effluent can be used to find new compounds which show 
an interaction with a known affinity molecule. This information provides the 

10 possibihty to implement the on-line separation/affinity molecule detection 
process of the present invention in, e.g., drug discovery. 

A system of high-throughput screening to be used in drug discovery, 
for instance, consists of the following steps. Complex samples generated for 
instance by an upstream combinatorial chemistry system are prefiractionated 

15 in fractions containing compotmds of similar polarity using, e.g., a solid-phase 
extraction technique or electrophoretic sample handling principles. Each 
fraction may additionally be separated using, e.g., either analytical or 
preparative-scale liquid chromatographic separation columns. The compounds 
eluting from said LC column are on-line detected using a suitable affinity 

20 molecule detection technique. Where preparative-scale separation columns are 
applied, a post-column flow-spht will be made. One of the two flow streams is 
subjected to detection using the affinity molecule detection technique; the 
other stream is directed to a fraction collector. Dependent on the signal 
obtained from the affinity molecule detector, fractions containing compounds 

25 causing a positive response will be collected while fractions causing a negative 
response will be discarded. This complete screening method can be automated 
using known valve-switching processes. 

A suitable fractionation method to be used in the methods of the 
present invention comprises a Uquid chromatography separation or a capillary 

30 electrophoresis step. Other separation or fractionation techniques which are 
known to the person skilled in the art and which allow a relatively continuous 
output stream can, however, be used as well. 

In a preferred embodiment, the liquid chromatography separation 
step is a reversed phase HPLC step. 



SUBSTITUTE SHEET (RULE 26) 

-wo 093711 I > 



wo 02/37111 ^^p^ |||^L01/00794 



It will be understood that according to the present invention as the 
effluent of a fractionation step is also to be understood the effluent of a flow 
injection, in which a mixture of different compounds is injected. The required 
selectivity can be obtained by operating the MS such, that selectively tracing 
5 of the MS is obtained. 

Since the flow injection technique provides a flexible and fast 
screening method, it is a preferred embodiment of the present invention. 

All modes of MS-operation are possible in Flow Injection mode, 
however, due to the higher background, especially the very selective modes 
10 which comprise detecting ions of a selected single m/z trace or of selected 
multiple m/z traces are suitable. 

As already mentioned, the fractionation step can be a liquid 
chromatography separation, a capillary electrophoresis step or a combinatorial 
chemistry system. Preferred Uquid chromatography fractionation steps 
15 comprise HPLC, reversed phase HPLC, capillary electrophoresis (CE), 

capillary electrochromatography (CEC), isoelectric focusing (lEF) or micellar 
electrokinetic chromatography (MEKC), all of which techniques are known to 
the person skilled in the art. 

AU possible variations in MS techniques known in the art can be 
20 profited from according to the present invention, preferably, the MS is of the 
type chosen from the group consisting of electrospray ionization type, 
atmospheric pressure ionization type, quadrupole type, magnetic sector type, 
time-off-flight type, MS/MS, MS*^, FTMS type, ion trap type and combinations 
thereof. 

25 For example, in scanning mode to trace compounds, low resolution 

. MS with all possible instrumental designs of MS can be used, in particxxlar 
quadrupole, magnetic sector, time-off-flight, FTMS and ion-trap. This 
generates typically molecular weight data with nominal mass accuracy. 

When high resolution MS is applied, using all possible high 
30 resolution instrumental designs, in particular magnetic sector, time -off-flight, 
FTMS and ion trap, molecular weight data with high mass accuracy combined 
with the elemental composition of the compound can be obtained. 

Other known MS techniques comprise tandem MS, such as MS/MS 
or MS" (for example MS^). AppUcation of these techniques enables the 
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collection of structviral information of the ligands which is a preferred 
embodiment of the present invention. The data in scanning mode can be 
acquired in data-dependent mode which means that for each peak observed 
automatically the tandem MS measurement is performed. In addition to this 
5 the fragmentation induced in the tandem MS measurement can be coupled by 
more sophisticated procedures, for example a broad band excitation, which also 
fragments expected fragments of less importance, such as the [protonated 
molecule -H20]+ peak in natxxral product screening. 

The MS can also be operated in single/multiple ion monitoring mode, 

10 which can be used for highly selective detection. 

Single/multiple ion monitoring mode can be used for highly selective 
detection. Using low resolution MS in single/multiple ion monitoring mode 
with all possible low resolution instrumental designs, in particular 
quadrupole, magnetic sector, time-off-flight, FTMS and ion trap, selective 

15 detection based on monitoring of previously determined m/z trace can be 
obtained. When high resolution MS is applied all possible instrumental 
designs of MS can be used, especially quadrupole, magnetic sensor, time-off- 
flight, FTMS and ion-trap. This enables typically very selective detection 
based on monitoring in high resolution previously determined m/z trace. When 

20 tandem MS is applied, all possible instrumental designs, in particular ion trap, 
quadrupole-time-off-flight (Q-TOF), triple quadrupoles (QQQ), FTMS and 
combinations of sector instruments with quadrupoles and ion traps, can be 
used. This enables the very selective detection based on monitoring a resulting 
peak or peaks in MS/MS and/or MS" measurements. 

25 It is also possible to operate the MS in scanning mode. In this way 

the lowering of the pre-determined signal is correlated to the increase of other 
signals, enabUng the active compound to be characterized in the same cycle. 

With the assays according to the present invention the tracing of 
(bio-) active compoxmds in solutions of complex nature, for instance biological 

30 flvdds or extracts, natural product extracts, solutions or extracts from 

biotechnological processes, resulting from chemical experiments, such as 
combinatorial technologies and processes and the like can be performed with a 
higher efficiency, selectivity and flexibihty. Moreover, the present invention 
provides the possibility to limit the disturbance of background compounds. 
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The present invention further enables the identification of 
compounds based on conventional mass spectra, high resolution data or MS" 
based spectra. 

With the method of the present invention it is also possible to 
5 perform library searching, based on a variety of mass spectrometric 

experiments enabling the screening of large series of samples and classifying 
these in classes based on similar active compounds, without the need for full 
identification of the compounds. 

The assay method of the present invention can be appUed in 
10 miniaturized formats of assay-based systems, for instance with chip technology 
based screening sj^stems. 

In the methods of the present invention all molecules capable of 
interaction with or binding to other molecules can be used as affinity molecule. 
The affinity molecule can for example be selected from the group of cytosohc 
15 receptors, e.g., the estrogen, glucocorticoid receptors; solubilized membrane 
bound receptor, e.g., a p-receptor; affinity proteins, such as antibodies, 
enzymes, avidin; polynucleotides and polysaccharides. 

By a "controlled amoimt of affinity molecule" that is added to the 
effluent is to be understood an amotmt of known concentration and of known 
20 flow rate. 

The term "known Ugand" as used in the present description and 
claims refers to a ligand which is capable of interacting or reacting with the - 
above-defined affinity molecule, and which can be detected by the MS. An 
example of a detectable ligand is a previously found analyte capable of being 
25 bound by the affinity molecule. 

The present invention has the great advantage that the preparation 
of any label is not required. This is particularly advantageous for those affinity 
molecules where labeling of a known ligand leads to a dramatic loss of affinity, 
for example due to steric hindering. Assays using known, natural, ligands 
30 without labels as reporter molecules are much faster to develop. 

On-line coupling as used in the methods of the present invention 
requires fast reaction times in order to minimize extra-column band 
broadening. This means that affinity molecxde-ligand interactions having 
reaction times in the order of minutes rather than hours shotdd be considered. 
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The suitable binding conditions under which the af&nity molecules bind to the 
analyte comprise a contact time, which is in the same order of magnitude. 
Suitable binding conditions are conditions that provide optimal binding 
between the af&nity molecules and the analyte. It will be understood that the 
5 precise conditions, such as temperature, residence time, chemical composition, 
will depend strongly on the type of assay and the proteins used therein. In 
contrast to biochemical assays based on fluorescent, radioactive or enzyme 
labels, where background buffer solutions are mainly composed of involatile 
phosphate or tris buffers the homogeneous mass spectrometric biochemical 

10 assays presented here are performed using volatile buffers such as ammonium 
formate or ammonium acetate at neutral pH. Moreover, to improve the 
ionization characteristics of the known Ugand, small amounts of methanol 
(2.5-10%) are added to the background buffer. 

In another preferred embodiment, combinations of affinity proteins 

15 and known hgands can be used to screen several biomolecular targets at the 
same time (see scheme 3). For this purpose, a mixture of al^nity proteins is 
prepared and added to the effluent of the fractionation method. Subsequently a 
mixture of known ligands, containing at least one active known Ugand per 
affinity protein, is added. The reaction mixtures is directed towards the MS. In 

20 the. MS each active known ligand is monitored by selected ion monitoring 

(SIM). The presence of an active compound in the fractionation effluent leads 
to a change of signal of the corresponding known hgand trace in the mass 
spectrometer. According to this preferred embodiment of the method of the 
invention, the affinity molecules are thus present in a mixture of two or more 

25 different types of affinity molecules and the known hgands are present in a 

mixture of different ligands, while each of this Hgands is known to bind to one 
of said affinity molecules. 

In another preferred embodiment, the on-line biochemical assay is 
coupled to a multiple-inlet unit for the mass spectrometer (see scheme 4). The 

30 multiple-inlet unit allows the connection of one mass spectrometer to multiple 
(e.g. eight) different fractionation lines. In each line an individual known 
ligand assay is carried out. This methodology is particularly useful for the 
screening of similar affinity proteins. It allows a multitude of assays to be 
performed simultaneously without affecting each other (for example by active 
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compounds which react with several afiBLnity proteins). In this way on-line 
biochemical assays can be performed in parallel using a single mass 
spectrometer as detector. 

5 Brief description of the drawings 

Scheme 1 is a schematic representation of the on-line assay 

according to the invention, compared with the method of Irth and Van der 

Greef (EP-A-1 048 951). 

Scheme 2 shows a typical chromatogram obtained with the method 
10 of the invention. The upper chromatogram (MS signal vs. retention time) is 

obtained by screening the effluent in selected ion monitoring mode (SIM), viz. 

the MS only screens for a value of m/z which is typical for the known Hgand, L. 

The chromatogram indicates an increase in free ligand concentration, [L], at a 

certain retention time, which is indicative for the presence of a compound 
15 (analyte) that binds to the affinity molecvde. This peak is also measured in 

total ion current mode (middle diagram of Scheme 2). The full mass spectrum 

at the retention time corresponding to the peak in [L] is given in the lower 

diagram of Scheme 2. From this spectrum structural information on the 

analyte can be obtained. 
20 Scheme 3 shows a preferred embodiment of the invention, wherein 

combinations of affinity proteins and known ligands are used to screen several 

biomolecular targets at the same time. 

Scheme 4 shows a preferred embodiment which uses a multiple-inlet 

unit for the mass spectrometer. 
25 Figure 1 shows the results obtained with Example 1; the MS signal 

in time at m/z 390. 

Figure 2 shows the results obtained for biotinylated analytes 

(Experiment 1). 

Figure 3 shows the selected-ion monitoring MS signal at m/z 408 
30 (Experiment 2). 



Example 1 

The feasibility of a homogeneous, on-line mass spectrometric 
biochemical assay was demonstrated using streptavidin as affinity protein, 
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fluorescein-biotin as reporter molecules and biotinylated compounds as 
analytes. Streptavidin is a well-known affinity protein with a high affinity for 
biotin and biotinylated compounds. To a carrier solution consisting of 10 
mmol/L ammonium formate/methanol (90:10, v/v) pumped at a flow rate of 50 
5 |il/min a solution of 32 nmol/1 streptavidin dissolved in 10 mmol/L ammonium 
formate was added at a flow rate of 50 ^l/min. The mixture was pumped 
through a knitted 300 mm i.d. poly(tetrafluoroethylene) reaction coil with an 
internal volume of 17 |iL Subsequently, a solution of 96 nmol/1 fluorescein- 
biotin dissolved in 10 mmol/L ammonium formate/methanol (90:10, v/v) was 

10 added at a flow rate of 100 p.l/min. The mixtxure was then pumped through a 
knitted 300 mm i.d. poly(tetrafluoroethylene) reaction coil with an internal 
volume of 33 \il and subsequently introduced into a mass spectrometer 
equipped with an electrospray ionization (ESI) source. Mass spectrometry was 
operated in selected-ion monitoring (SIM) in the positive-ion (PI) mode on 

15 [M+H]*** and on one or more intense fragment ions. The ESI source conditions 
for the streptavidin/biotin system: sotirce temperature, 80®C; capillary voltage, 
3.2 kV. The sampling cone voltage was 30 and 60 V for biotin and fluorescein- 
labeled biotin, respectively. 

Figure 1 demonstrates an experiment, wherein the entire reaction 

20 sequence can be followed. At point 1, only carrier buffer was pumped into the 
mass spectrometer providing a reference background signal At point 2, the 
fluorescein-biotin pump was switched on leading to an increase of the selected- 
ion monitoring MS signal at m/z 390. At point 3, the streptavidin pump was 
switched on. The addition of the affinity protein streptavidin lead to a decrease 

25 of the concentration of free fluorescein-biotin, resulting in a decrease of 
selected- ion monitoring MS signal. At point 4, injections of biotin were 
performed, resulting in a decrease of free streptavidin binding sites and an 
increase of the free fluorescein-biotin concentration, which can be seen as a 
peak in selected-ion monitoring MS signal at m/z 390. 

30 Figure 2 demonstrates the screening method was selective for 

biotinylated analytes. Injections of equal concentrations of biotin (m/z 245), N- 
biotinyl-6-aminocaprioc hydrazide (m/z 372), biotin-hydrazide (m/z 259), and 
N-biotin-L-lysine (m/z 373) lead to almost equal signals at the fluorescein- 
biotin (m/z 390) trace, indicating that all compounds are capable to prevent the 
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binding of the reporter molecule, fluorescein-biotin, to streptavidin. 
Furthermore, the molecular mass of the active compoimds could be identified 
for those compounds which are ionized under the selected conditions. 



5 Example 2 

The feasibility of a homogeneous, on-line mass spectrometric 
biochemical assay for the measurement of weaker interactions than 
streptavidkLA)iotin was demonstrated using fab fragments of anti-digoxigenin 
antibodies (fab anti-digoxigenin) as affinity protein, digoxigenin as reporter 

10 molecules and digoxin as analytes. To a carrier solution consisting of 10 

mmol/L ammonium formate/methanol (90:10, v/v) pumped at a flow rate of 50 
fil/min a solution of 100 nmol/1 fab anti-digoxigenin dissolved in 10 mmol/L 
ammonium formate was added at a flow rate of 50 ^l/min. The mixture was 
pumped through a knitted 300 \xm i.d. poly(tetrafluoroethylene) reaction coil 

15 with an internal volume of 65 jiL Subsequently, a solution of 200 nmol/1 

digoxigenin dissolved in 10 mmol/L ammonium formate/methanol (90:10, v/v) 
is added at a flow rate of 100 jil/min. The mixture was then pumped through a 
knitted 300 jim i.d. poly(tetrafluoroethylene) reaction coil with an internal 
volume of 33 (il and subsequently introduced into a mass spectrometer 

20 equipped with an electrospray ionization (ESI) source. Mass spectrometry was 
operated in selected-ion monitoring (SIM) in the positive-ion (PI) mode on 
[M+H]+ and on one or more intense fragment ions. 

Figure 3 demonstrates an experiment, where the entire reaction 
sequence can be followed. At point 1, only carrier buffer was pumped into the 

25 mass spectrometer providing a reference background signal. At point 2, the 
digoxigenin pump was switched on leading to an increase of the selected-ion 
monitoring MS signal at m/z 408 (the ammonium adduct of digoxigenin). At 
point 3, the fab anti-digoxigenin pump was switched on. The addition of the 
affinity protein fab anti-digoxigenin lead to a decrease of the concentration of 

30 ft'ee digoxigenin, resulting in a decrease of selected-ion monitoring MS signal. 
At point 4, injections of digoxin were performed, resulting in a decrease of fi-ee 
fab anti-digoxigenin binding sites and an increase of the free digoxigenin 
concentration, which can be seen as a peak in selected-ion monitoring MS 
signal at m/z 408. 
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Claims 

1. On-line detection method comprising the steps of: contacting an 
efiQuent of a fractionation step with a controlled amount of afiELnity molecules; 
allowing the af&nity molecules to bind with analytes suspected to be present in 
the effluent; addition of a controlled amount of known hgands; allowing 

5 ligands to bind to the af&nity molecules by which ligand/af&nity molecule- 
complexes are formed; and detection of free hgands in the presence of the 
Hgand/affiLnity molecule-complexes using a mass spectrometer. 

2. Method according to claim 1, wherein said fractionation step is a liquid 
chromatography separation, a capillary electrophoresis step or a combinatorial 

10 chemistry system. 

3. Method according to claim 2, wherein the liquid chromatography 
separation step is an HPLC, a reversed phase HPLC, a CE, a CEC, an lEF or 
anMEKCstep. 

4. Method according to any one of the preceding claims, using a mass 

15 spectrometer selected from the group consisting of electrospray ionization t5^e, 
atmospheric pressure ionization t5Tpe, quadrupole type, magnetic sector type, 
time-off-flight type, MS/MS, MS", FTMS type, ion trap type and combinations 
thereof. 

5. Method according to any of the previous claims, wherein said affinity 
20 molecules are present in a mixture of two or more different types of af&nity 

molecules and said known ligands are present in a mixture of different 
Ugands, each of which Ugand is known to bind to one of said affinity molecules. 

6. On-line detection method, wherein a mass spectrometer with a 
multiple-inlet unit is used, to which multiple-inlet unit different fractionation 

25 hues are connected, wherein each fractionation line comprises an effluent to 
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which controlled amoiints of affinity molecules and known hgands are added 
as described in each of the previous claims. 

7. Compound detected by the method of any one of the preceding claims. 

8. Use of the compound of claim 7 as a ligand for affinity molecules. 
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